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Abstract Hip fracture is one of the most common orthopedic
conditions and is associated with significant morbidity and
mortality. With a progressively aging population, the annual
incidence of hip fracture is expected to increase substantially.
Emerging evidence suggests that early surgery (<24 h)
minimizes complications secondary to immobilization,
including orthostatic pneumonia and venous thromboembo-
lism. Delayed surgical repair (>48 h) has been consistently
demonstratedtobeassociatedwithanincreasedriskof30-day
and 1-year mortality. Nonetheless, early surgery necessitates a
shorter time for preoperative medical preparation, inparticular
cardiac assessment. Patients who undergo emergent orthope-
dicsurgeryarethereforeatgreaterriskofperioperativecardiac
events than those who undergo elective surgery. In addition,
the prompt triage system for preoperative cardiac assessment
not only identifiespatientsathighriskofperioperative cardiac
complications but also reduces unnecessary cardiac consulta-
tions for low-risk patients. We review the current recommen-
dations for preoperative cardiac assessment adapted for
patients with hip fracture and describe our current triage
system for preoperative cardiac consultation.
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Introduction
Hipfractureisone ofthe mostcommonorthopedicconditions
that requires hospital admission and is associated with
significant morbidity and mortality. The annual incidence of
hip fracture was estimated to be 1.66 million worldwide in
1990 and is expected to reach 6.26 million by 2050 due to the
aging population [1]. The majority of hip fractures occur in
geriatric patients: approximately 80% of women and 50% of
men with hip fractures are aged ≥70 years [2]. More
importantly, up to one third of patients will die within 1 year
of sustaining a hip fracture repair [3–6], and half will have
permanent loss of function [7]. Early surgery (<24 h) can
minimize complications secondary to immobilization includ-
ing orthostatic pneumonia and venous thromboembolism and
is expected to be beneficial for the majority of patients with a
fractured hip. Delayed surgery (>48 h) has been consistently
demonstrated by several studies to be associated with an
increased risk of 30-day and 1-year mortality [8]. It is thus
generally recommended that patients with hip fracture should
undergo surgery as soon as possible (within 24 h of
admission), during standard daytime working hours, includ-
ing weekends, and provided they are medically fit [9].
Minimizing the time between admission and surgery
nonethelessallowslesstimetoevaluateandoptimizepatient’s
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youngindividualswithnounderlyingmedicalproblems,most
patients with a hip fracture are frail and elderly with multiple
pre-existing medical conditions that warrant comprehensive
preoperative evaluation by physicians and/or cardiologists
[10]. The goals of preoperative assessment should be (1) to
identify patients at high risk of perioperative cardiac events
and (2) to reduce their risks of complications and mortality.
The American College of Cardiology (ACC) and the
American Heart Association (AHA) guidelines for perioper-
ative cardiovascular evaluation for non-cardiac surgery
published in 2007 are invaluable protocols for cardiologists;
nonetheless, it does not alert primary clinicians as to when a
cardiac consultation is required. As a result, orthopedic
surgeons, often the key member of the team, may face a
clinical dilemma: to injudiciously consult a cardiologist for
all elderly patients with a hip fracture, to proceed to timely
surgery without a comprehensive preoperative cardiac
assessment, or to delay surgery until a cardiac evaluation is
complete. Based on the published international guidelines,
we present a clinical protocol for preoperative cardiac
assessment tailored for the geriatric patient with hip fracture
from an orthopedic surgeon’s perspective.
Surgical risk of hip fracture repair
The nature of the surgery, including urgency, magnitude, type,
and duration of the operation, is an important determinant in
perioperative cardiac complications as well as in mortality. In
general,theestimatedcardiacriskofmajororthopedicsurgeries
including hip and spine surgery is intermediate, i.e., estimated
30-day cardiac event rate (cardiac death and myocardial
infarction) of 1–5% [11]. This stratification is based on the
premise that most orthopedic procedures are electively
performed in relatively young, healthy patients. In a stark
contrast, elderly patients with a hip fracture who undergo
surgical repair often have known predictors of cardiac disease,
and the procedure performed is semi-urgent, not elective
(<24 h). The risk profile thus differs. In a retrospective study
of 8,930 patients aged ≥60 years who underwent hip fracture
repair [12], 30-day and 1-year mortality was 4% and 16%,
respectively. Of the,720 patients (8%) with postoperative
cardiac complications, 178 patients (2%) were considered to
have serious postoperative cardiac complications.
Stepwise approach to preoperative cardiac assessment
In 2007, the ACC and the AHA published a stepwise
approach to preoperative cardiac assessment for patients
undergoing non-cardiac surgery [11]. The guidelines con-
sist of five decision-making steps that take into account
urgency and risk of the surgery, presence of an active
cardiac condition, functional capacity of the patient, and the
associated cardiovascular risk factors. This helps determine
whether to proceed with the planned surgery [11]. As
mentioned, hip fracture repair can be considered a non-
emergency (but semi-urgent) surgery with a moderate
cardiac risk (~5% perioperative cardiac events and mortal-
ity); the original five-step approach could then be adapted
to a three-step algorithm for this clinical context. Figure 1
depicts the clinical pathway for preoperative cardiac
assessment of patients with a hip fracture. In order to
determine whether a patient is medically fit for the surgery,
patients with a hip fracture should have complete history
and physical examination; in addition, chest X-ray and
standard 12-lead electrocardiography should be obtained.
Step 1 Does the patient have any active cardiac con-
ditions? (modified from [11])
The ACC/AHA guidelines have identified four
groups of active cardiac conditions that signify
major perioperative risk for surgery and that
warrant preoperative workup (Table 1). Patients
with one or more of these active cardiac con-
ditions require further diagnostic evaluation and,
possibly, therapeutic intervention. Of note,
patients with underlying coronary artery disease
are at higher than average risk of perioperative
cardiac events. According to the ACCC/AHA
guidelines, a coronary artery disease patient is
defined as one with a history of myocardial
infarction, percutaneous coronary intervention,
coronary artery bypass grafting, or coronary
arterial luminal obstruction documented by coro-
nary angiography [11]. A patient with stable
coronary artery disease and a functional capacity
of four metabolic equivalents (METs) or above
(Table 2) is considered medically fit for hip
fracture repair surgery although elective surgery
should be delayed for at least 6 months in patients
with recent acute myocardial infarction. In a case
series of 11 patients (mean age 78.2 years, female
73%) with recent myocardial infarction (3 to
23 days) who underwent hip fracture repair, 1-
and 6-month mortality was 45.4% and 63.5%,
respectively; the impact of recent ACS on the risk
of perioperative cardiovascular events nonetheless
remains unknown.
As with coronary artery disease, heart failure is
commonly associated with hip fracture. It has
recently been shown in a cohort of 5,613 persons
from the Cardiovascular Health Study with aver-
age follow-up of 11.5 years that patients with
heart failure have a much higher incidence of hip
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(14/1,000 vs. 6.8/1,000 person-years). More
importantly, patients with both heart failure and
hip fracture have a twofold increase in risk of
death compared with those with heart failure alone
[13]. Patients with heart failure who undergo non-
cardiac surgery have a poorer outcome than those
without heart failure [14]. It is thus essential to
identify patients with heart failure and optimize
their cardiac condition prior to surgery. In addi-
tion, the presence of significant valvular disease,
in particular, severe aortic stenosis, confers a
substantial risk of perioperative cardiac events in
patients who undergo non-cardiac surgery [11,
15–17]. Aortic stenosis is relatively common in
geriatric patients (>65 years) [18, 19] and is often
associated with hip fracture. In a retrospective
study that included 3,997 consecutive patients
with a hip fracture, 272 (6.8%) were confirmed to
have a previously undiagnosed aortic stenosis as a
result of echocardiography to investigate a previ-
ously undiagnosed heart murmur [20]. While it is
recommended that echocardiography should be
performed as part of a preoperative assessment if
aortic stenosis is suspected, to allow confirmation
Table 1 Active cardiac conditions (modified from [13])
Unstable coronary syndromes Unstable angina
Acute coronary syndrome
and/or myocardial infarct
Recent myocardial infarction
(<1 month)
Heart failure Decompensated heart failure
NYHA functional class IV
Worsening or new-onset heart
failure
Significant arrhythmia Symptomatic bradycardia
Symptomatic sinus bradycardia
and/or sick sinus syndrome
High degree atrioventricular
block (Mobitz II and third
degree heart block)
Supraventricular tachycardia
with uncontrolled
ventricular rate
(>100 bpm at rest)
Symptomatic ventricular
Newly recognized
ventricular tachycardia
arrhythmia
Severe valvular disease Severe aortic stenosis
Symptomatic mitral stenosis
Step 1
Step 2
Step 3
Active cardiac 
condition?
Functional capacity >
4 METs without 
symptoms?
Evaluate and treat per 
ACC/AHA guidelines
Proceed to 
surgery
Proceed to 
surgery
Proceed to surgery with HR control or 
consider testing if it will change management
No
Yes
Yes
No or indetermined
Proceed to 
surgery
No clinical risk factor > 1 clinical risk factor
Renal insufficiency
Cerebrovascular disease
diabetes
Heart failure (prior/compensated)
Coronary artery disease
Clinical risk factors:
Fig. 1 Cardiac evaluation and
care algorithm for semi-urgent
hip repair (adapted from [13]for
geriatric hip fracture repair)
Table 2 Evaluation of the degree of activity in daily life (modified
from [13])
4 METs (degree of activity: low)
If all questions are answered “yes,” the patient score is “4 METs”
Otherwise, the score is “< 4 METs”
Can you take care of yourself? (Eat, dress, use the toilet)?
Can you do light work around the house?
Can you dust or wash dishes by yourself?
Can you walk around and shop in your neighborhood?
Can you do exercise such as gardening?
4–7 METs (degree of activity: moderate)
If all questions are answered “yes,” the patient’s score is “7 METs”
Otherwise, the score is “< 7 METs”
Can you walk up a flight of stairs?
Can you walk quickly for a short time (for 3 min, about 300 m)?
Can you prepare Japanese bedding?
Can you go shopping with heavy bags?
> 7 METs (degree of activity: good) With more than one “yes” the
daily activity score is >7 METs.
Can you run or ride a bike uphill?
Can you run for 6 or 7 min (about 800 m)?
Can you go up stairs for a distance of two floors?
>10 METs (degree of activity: excellent)
If the patient can participate in activities such as swimming, soccer, or
skiing, the daily activity score is “> 10 METs”
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cardiac intervention [21], the clinical decision on
whether to operate on such patients remains a
challenge due to the scarcity of clinical outcome
data. In a retrospective study by Adunsky and
colleagues involving 56 patients with hip fracture
and aortic stenosis (mean valve area 0.97±
0.64 cm
2) who underwent surgical repair [22],
in-hospital and 1-year mortality was 6.5% and
17.7%, respectively.
Step 2 Does a patient have a functional capacity greater
than or equal to 4 METSs without symptoms?
(modified from [11])
Table 2 summarizes the estimated energy
requirement for various common daily activities.
It has been extensively confirmed that a patient’s
functional status reliably predicts perioperative and
long-term cardiac events [23–26]. For asymptom-
atic patients with a functional capacity of 4 METs
or above, the need for any active preoperative
cardiac intervention to lower the perioperative risk
is unlikely [11].
Step 3 If the patient has poor functional capacity, is
symptomatic, or has unknown function, then the
presence of clinical risk factors including [1]
coronary artery disease [2], compensated heart
failure [3], previous cerebrovascular accident [4],
diabetes mellitus, and [5] renal insufficiency, will
determine the need for further evaluation (modi-
fied from [11]).
As hip repair surgery is considered intermediate-
risk surgery, even in the presence of risk factors,
further cardiac investigations are not generally
considered necessary.
While fulfilling these three steps mentioned
above provides cardiac clearance for surgery,
underlying medical conditions may still warrant
medical attention and cardiac consultation, for
example, patients with medical assistance devices
(permanent pacemaker and automatic implantable
cardioverter defibrillator), and those prescribed
dual antiplatelet agents or oral anticoagulants.
Clinical pathway for hip fracture management
While the above-described guidelines provide an invaluable
tool for the attending cardiologist to determine perioper-
ative risk for a patient with hip fracture, it does not alert the
primary clinician, often an orthopedic surgeon, as to when a
cardiac consultation should be initiated. Surgery may be
delayed because cardiac clearance cannot be promptly
obtained. In order to “fast-track” hip fracture patients for
a timely surgery (within the first 24 h), a clinical pathway
for hip fracture management has been implemented at our
hospital since 2008. The frontline orthopedic surgeon and/
or intern evaluates the patient’s cardiovascular status
according to a checklist (Appendix 1) and determines
whether a cardiac consultation is required, even prior to the
anesthetist’s assessment. As a result, cardiac clearance is
usually obtained within the same day. When further
investigations, such as echocardiography, are required, they
can be scheduled for the following morning. Surgery can
still be performed within 24 h of admission.
Summary
Hip fracture represents one of the major medical problems
faced by our aging society. Early surgery may reduce in-
hospital, short-term, and long-term morbidity and mortality.
Careful screening of patients with hip fracture to enable
prompt cardiac assessment can improve overall outcome by
minimizing unnecessary delays for cardiac clearance.
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